A representative set of 168 eukaryotic POL II promoters has been compiled from the EMBL library and subjected to computer signal search analysis. Application of this technique to E. colt promoters as a control ensemble revealed the well known consensus sequences at -35 and -10 which indicates that the methods are adequate to approach problems of this kind. The results obtained from the eukaryotic promoter set can be surnmariied as follows: (i) Common sequence features are confined to a region between -50 and +10 relative to the transcriptional initiation site, (ii) The only well conserved consensus sequence is TATAAA, centered at -28. (iii) A weak motif, CA followed preferentially by pyrimidines, surrounds the cap-site, (iv) Two pentanucleotides which have been shown by experiments to stimulate transcription of certain genes, GGGCG and CCAAT, are moderately over-represented in the upstream region (between -129 and -50). However, they occur at highly variable distances from the initiation site.
INTRODUCTION
Eukaryotic POL II promoters have been the subject of intense investigation during the last decade. Despite these efforts, no generally accepted description of their general sequence features, such as exists for E. coli promoters, has as yet emerged. The results of earlier comparative studies (1, 2) were derived from relatively small promoter sets biased by high proportions of histone and globin sequences and need re-evaluation. Site-directed mutagenesis data do not provide a coherent picture of promoter structure because it is usually not possible to decide whether the mutations affect general or gene-specific mechanisms. The only undisputed eukaryotic POL II promoter element is the Goldberg/Hogness-or TATA-box (3) which occurs between 25 and 30 bp upstream from the initiation site. Its requirement for accurate initiation as well as for maximal rate of transcription has been demonstrated for a considerable number of genes. However, in some cases it has also been shown that it is dispensable for low levels of transcription (4) or insufficient for high rates (5) .
Many mutations which modulate the activity of a promoter have been mapped to a region upstream from the TATA-box (6) . What remains uncertain is whether a second universal promoter element exists in this region which is inactivated by some of these mutations. Several candidate consensus sequences have been proposed for this. The most popular one is the CAATbox introduced in two different versions by Efstratiadis ct al. (7) and Benoist et al. (8) .
Although its quality as a consensus sequence has never been convincingly demonstrated by ©IRL Press United, Oxford, England.
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comparative DNA sequence analysis, the biological significance of this motif seems to be broadly accepted. This is reflected by doiens of underlined or boxed CAAT-related oligonucleotides in newly published promoter sequences which are declared as "transcription signals* in the absence of experimental evidence that would support such a claim. The clarification of the status of this consensus sequence was one of the objectives of this investigation.
In our sequence analysis strategy we considered it as important to apply the following principles. We required first that the data set is representative in the sense that it does not include significant numbers of sequences which are closely related by phytogeny, and second that the algorithms do not depend on a priori assumptions on the nature of the sequence features to be found Since we felt that a possible negative result would not be appreciated unless the power of our methods is demonstrated on a related problem where there is agreement about the expected results, we applied our sequence analysis procedures simultaneously to Hawley and
McClure's collection of E. coli promoters (9) and show these results here, too.
SELECTION OF DNA SEQUENCE DATA:
We define eukaryotic promoters as DNA segments which determine the site rather than the rate of transcriptional initiation. The existence of transcriptional enhancers which influence initiation rates over distances of 1 kb or more renders alternative definitions impractical. Our compilation is therefore a collection of transcriptional initiation sites. Consequently we considered only biochemical but not genetic evidence in order to decide whether a given sequence should be incorporated or not. We further assumed that all capped 5'termini of eukaryotic mRNAs are generated by RNA POL II initiation. Biochemical evidence for a transcription start site usually comes from direct or indirect sequence analysis of mRNA 5'regions. In a few cases, data on the structure of in vitro generated transcripts were also accepted as promoter definition Some capsites were inferred from experimentally determined transcriptional intiation sites of closely related genes. Putative promoters predicted from nucleotide sequence alone are not included in our compilation. However, in order to avoid subjective decisions, we did not exclude initiation sites located at unusual distances from a clear TATA-box if they were reportedly mapped by adequate techniques.
For purely technical reasons we confined our collection to sequences which were available in the EMBL nucleotide sequence data library release 7 (10). Promoters from lower eukaryotes (protozoa, slime-molds, algae, and fungi) were excluded because there are some indications that the specificity of their POL II transcription system might differ from that of higher eukaryotes.
In an in vitro study, RNA polymerase II from yeast behaved more like E. coli polymeraae than like the corresponding eniyme of higher eukaryotes (11) . This taxonomic selection criterion applies only to the organisms where a given gene is expressed but not to the species which it belongs to due to its way of perpetuation. Consequently, our compilation includes many viral promoters as well as a few transcriptional initiation sites on the TDNA of Ti-plasmids, a DNA segment which is replicated in a prokaryote but expressed by plant tumor cells after transformation (12).
Since the objective was to compile a set of promoters which is representative of higher eulcaryotic genes in general, we had to eliminate a certain number of sequences which are closely related by phylogeny to other items of the collection. In doing so, we gave preference to the representatives with the longest upstream sequences available. The threshold for exclusion was set at 50% average homology between positions -50 and +10 relative to the initiation site. In principle, our sequence collection should also be devoid of larger groups of co-ordinately regulated promoters which could introduce statistically significant numbers of control signals into the ensemble which then could not be distinguished from general promoter elements by our computer analyses. With hemoglobin promoters constituting the largest subclass of this type but accounting only for 5% of the sequences in our compilation, we decided that further exclusions were not necessary. Only the precisely mapped promoters listed in Table 1 Table I Characterliatlon of Constraint Region* by Over-Represented Gapped Trlnueleotides. 
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RESULTS AND DI3CUSSION
We first determined the regions of highest sequence conservation for prokaryotic and eulcaryotic promoters by deriving a number of constraint profiles with various signal sequence collections and parameter sets. The general pictures that came up this way were remarkably constant: Two maxima at -35 and -10 for the E. cob' system as expected, and one strong peak centered at -28 together with a weak signal near the initiation site for eukaryotes. Two typical profiles are shown in Fig. 2A and 2C . Splitting the eukaryotic promoter set into vertebrate and non-vertebrate sequences revealed only minor differences between these two groups ( Fig. 2E and   2F ). The cap-site homologies are more pronounced around non-vertebrate transcription start sites. Two additional features can be recogniied in the profile that characteriies vertebrate promoters only: A low constraint maximum around -45 and a downstream shoulder of the TATApeak »t -20. These locations coincide with maxima in GC-content (see Fig. 3 ) and probably reflect only biased base composition.
Constraint analysis allows quantitative comparisons between conserved sequence elements.
The profiles in Fig. 2 indicate that the eukaryotic TATA-box is a stronger consensus sequence than the prokaryotic Pribnow-box. In principle, such conclusions cannot be drawn from a comparison of a single pair of constraint profiles, since the relative heights of constraint peaks is much dependent on the signal search parameters specified for the analysis (15) . However, in the case of eulcaryotic and prokaryotic promoters, we observed that the rank-order of the four dominant constraint maxima (euk. TATA-box, prok. -10, prok. -36, and euk. cap-site) is not affected by changes in parameters (data not shown). We also note that in both systems, sequence similarities are confined to a region extending from approximatly -50 to +10 relative to the initiation site and that total constraint is of a similar magnitude. Integration of the profiles shown in Fig. 2A and 2C within these limits yields values of 2.8 for E. coli and 2 7 for eukaryotes. This means that on average two eukaryotic POL D promoters exhibit as many common sequence features as a pair of E. coli promoters, and it is a surprising result because the eukaryotic sequence set represents a wide spectrum of organisms, developmental stages and tissues, whereas the E. coli sequences are all recogniied in an identical biochemical environment.
It suggests an extraordinary high conservation of the structure of those parts of the POL U transcription system which are involved in promoter recognition.
-100 III,. In Fig. 2B and 2D we show constraint profiles that have been derived by using wide windows of 25 bases and gapped trinucleotides instead of dinucleotides. Under these conditions it should be possible to detect promoter elements which occur at a more variable distance from the initiation site if they exist in a significant proportion of the analysed sequences. However, for both eukaryotic and prokaryotic promoters these profiles look qualitatively the same as those calculated for narrow windows. The peaks simply become lower and broader. Thi* finding is strong evidence against the existence of any universal consensus sequence upstream from the TATA-box, in other words, there is no -80 region of eukaryotic promoters.
For explicit description of conserved sequence features of eukaryotic and E. colt promoters we tabulated the most frequent gapped trinucleotides up to ten base-pairs in total length for the GGGCG  CCAAT  CAAAA  AATGA  AGAAA  AGCCA  GGGGC  AAAAT  CAGCC  TGTTT  GGAGC  GGCGG  TGTCA  ACCAA  CCCGC  CCTGC  CTCCA  GAAAA  GAAAT  GGGGC  GTGGG  TGGCG  TTTCT  AAGGG  AGGGA  CCCCC  CCCCT  CGCCC  CGGGG  GCAAA  GCCTG  GCGGG  GGGTG  TGACA  TGGGC  TTGCA   - Non-intemipted pentanucleotides were searched for in single windows of width 40, 60, and 80. The significance of the signal frequencies is calculated as described in the methods section.
four major constraint regions shown by the profila of Fig. 2 . Such analysis usually produces clusters of signal sequences which perfectly align to a corresponding consensus sequence (see Table 1 ). Only in the weakly conserved cap-sequence some positions are occupied by alternative nucleotides. For E. eoli promoters the consensus sequences reflected by Table 1 
